Clinical trials have shown the efficacy and good tolerability of tapentadol prolonged release (PR) for severe chronic pain of different etiologies. This study investigated the influence of tapentadol PR on pain control and quality of life of patients with severe chronic cancer-related pain in routine clinical practice in Germany. Patients and methods: During a 3-month observation period, 45 physicians (mainly palliative care specialists) documented dosage and tolerability of tapentadol PR, previous and concomitant analgesic treatment, pain intensity, pain-related restrictions of daily activities and quality of life, and general state of health of 123 patients with chronic cancer-related pain in the context of a prospective noninterventional study. Results: All patients (mean age 63.9±13.2 years, 93.5% in constant pain) had received analgesic long-term treatment (42.3% strong opioids) prior to the start of tapentadol PR treatment. During the observation period, tapentadol PR significantly reduced the average pain intensity by 2.4 points (from a mean 6.1±1.7 to 3.7±2.0, P,0.001); half of the patients (52%) achieved a pain score #3 at the end of observation. At the same time, mental and emotional well-being, pain-related impairments of daily activities, sleep quality, and quality of life improved, while the overall intake of analgesic concomitant medication could be reduced. Improvements in general state of health were significant (P,0.001). Overall, tapentadol PR was well tolerated. Conclusion: Good pain control with tapentadol PR was accompanied by markedly reduced pain-related mental and physical burden and quality of life improved. Overall, the general state of health of these patients with chronic cancer-related pain improved significantly despite the underlying illness.
Introduction
In cancer patients, pain is a significant problem markedly contributing to impairments of daily activities and quality of life. 1, 2 Even mild pain can greatly interfere with patients' daily life. 3 Opioids play an important role in the treatment of chronic cancer-related pain;
4,5 their side-effect profile (gastrointestinal and central nervous system disorders) can however result in insufficient compliance or withdrawal from treatment. 6 The prolonged-release (PR) dosage form of the centrally acting analgesic tapentadol (Palexia Dovepress Dovepress 2 schikowski et al inhibition (NRI). Both mechanisms have been shown to contribute synergistically to the analgesic efficacy of tapentadol PR, while at the same time reducing typical opioid side effects, such as nausea, vomiting, and gastrointestinal inhibition. 7 Efficacy and good tolerability of tapentadol PR in the treatment of severe chronic nonmalignant pain have already been demonstrated in clinical studies 8, 9 and under routine clinical practice conditions. 10, 11 Results in the treatment of cancer-related pain have also been published: [12] [13] [14] [15] [16] [17] in clinical studies, analgesic efficacy of tapentadol PR was shown to be equivalent to oxycodone controlled release 13 or morphine controlled release, 14 and demonstrated a more favorable gastrointestinal tolerability profile. 13, 14 Marked relief of cancer-related pain was also reported during 3-month treatment in routine clinical practice. 17 Apart from pain control, the restoration or preservation of quality of life, in particular at advanced cancer stages, needs to be taken into account. This study thus documented not only changes in pain parameters during routine administration of tapentadol PR in patients with severe chronic cancer-related pain but also included standardized, self-reporting questionnaires regarding pain-related impairments in daily life and quality of life.
Patients and methods study design and patients
This prospective, noninterventional study was carried out by 45 physicians in private practice, mainly palliative care specialists (19 anesthetists, 14 specialists for internal medicine, four oncologists, four general practitioners, four other specialists) from March 2012 to February 2013 in accordance with section 4, subsection 23, clause 3 and section 67, subsection 6 of the Medicinal Products Act of the Federal Republic of Germany. The study objective was to investigate routine administration of tapentadol PR for severe chronic cancer-related pain that can only be adequately treated with opioid-containing analgesics. Only patients for whom treatment with tapentadol PR was planned (irrespective of this study) could participate. All treatment decisions were solely at the discretion of the treating physician. Tapentadol PR was prescribed in accordance with the summary of product characteristics, depending on previous pain treatment and pain severity. 18 A dose adjustment within 3 days was recommended in cases of insufficient pain relief.
Data collection
Data were documented by the physicians during consultation at baseline examination, during treatment follow-up after 4-6 weeks, and at the end of observation after approximately 3 months . Documentation included demographic data, cancer  diagnosis, tumor stage and grading, pain diagnosis and pain type,  concomitant diseases and previous analgesic treatment, reasons  for prescribing tapentadol PR, tapentadol dosages, and analgesic  and other concomitant medications during treatment. Pain intensity (lowest, average, and highest) during the last 3 days was rated on an 11-point numerical rating scale (NRS-11; from 0= no pain to 10= worst imaginable pain). 19 Functional status of the patients was determined by the physicians using the Karnofsky physical performance score 20 (scale in 10-point steps from 100= normal, no complaints, no evidence of disease, to 0= death) and the Eastern Cooperative Oncology Group functional status 21 (from 0= asymptomatic to 5= death). In order to rate the state of their health, patients completed the EuroQoL group's EQ-5D questionnaire (version 3L), which inquires about the five dimensions of mobility, selfcare, usual activities, pain/discomfort, and anxiety/depression, for each dimension choosing from the answer options "no problems", "some problems", and "extreme problems". 22 In addition, state of health was marked by the patients with a cross on a visual analog scale from 0= best imaginable state to 100= worst imaginable state.
Furthermore, patients used two standardized self-reporting instruments: the German Pain Questionnaire (for baseline evaluation) and the German Pain Diary (at treatment follow-up and at the end of observation). 23 In addition to the NRS-11, these questionnaires include the following psychometric scales: the modified Pain Disability Index 24 (mPDI) for quantification of pain-related impairments in daily activities (single score 0= no impairment to 10= complete impairment, sum score .43= severely affected), the Marburger Fragebogen zum habituellen Wohlbefinden (MFHW [Marburg questionnaire on habitual health findings]) 25 to determine habitual well-being (from 0= worst possible state to 5= best possible state), the Hospital Anxiety and Depression Scale 26 (HADS) to evaluate anxiety and depression (sum score 1-7= normal, 8-10= mildly affected, 11-21= moderately to severely affected), the short form (SF-12) 27 of the SF-36 Health Survey to assess health-related quality of life, and a questionnaire to document pain-related impairments in quality of life (Quality of Life Impairment by Pain [QLIP] inventory, 23 sum score 0= total impairment to 40= no impairment, #20= severe impairment).
During baseline examination, physicians and patients agreed on a pain-intensity target (NRS-11) for the end of observation (individual treatment target). Physicians documented all adverse drug reactions (ADRs) that occurred during the observation period.
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Response criteria
Treatment success regarding pain reduction was evaluated using seven criteria for the parameter "average pain intensity": pain-intensity score #3 (NRS-11), pain-free state (score of 0, NRS-11), attainment of the individual treatment target, pain reduction of at least 2 points (NRS-11) compared to baseline, pain reduction .30% compared to baseline, pain reduction .50% compared to baseline, and pain reduction .70% compared to baseline.
statistical analysis
Collected data were processed with double data entry by O.Meany MD&PM GmbH (Nuremberg, Germany) using the data-management program FormPro ® version 5.1, and checked for completeness, consistency, and plausibility. The case report forms of all 123 prospectively documented patients were included in the effectiveness analysis (carried out by O.Meany MD&PM GmbH using the statistical program PASW Statistics for Windows version 18.0) and in the safety and tolerability analysis (Pharm-Soft Dr B Rodust GmbH, Ascheberg, Germany). Descriptive P-values for the changes over the course of the study in pain intensities and health state were determined with the paired t-test. A total of 65% of the patients answered at least one pain questionnaire/pain diary; however, only 26% of all patients completed all three documents. These data were analyzed with the "last observation carried forward" method (LOCF). ADRs were encoded with the Medical Dictionary for Regulatory Activities ® (MedDRA, version 16.0). The majority of the patients were in constant pain (93.5%), and 35.8% had additional breakthrough pain. Most patients (75.6%) had pain duration of at least 1 year; for 22.8%, more than 5 years were documented. A total of 74% of the patients suffered from mixed pain, 7.3% from predominantly nociceptive, and 9.8% from predominantly neuropathic pain. Main underlying pain etiology was the tumor (50.4%) and side effects of cancer therapy (16.3%). A total of 51.2% of the patients had been hospitalized owing to pain during the 6 months prior to the start of tapentadol PR treatment.
Results
At baseline evaluation, all patients were already under long-term analgesic treatment, mainly consisting of several analgesics: 42.3% received World Health Organization (WHO) step III opioids, 39% WHO II opioids, and 78.9% nonopioids. The use of antidepressants (26.8%), antiepileptics (18.7%), muscle relaxants (14.6%), laxatives (22.8%), and antiemetics (16.3%), as well as breakthrough pain medication (20.3%), was also documented. Evaluation of health state by the patients (EQ-5D-3L) showed marked pain-related restrictions in mobility (73.9% of the patients), self-care (62.6%), daily activities (92.7%), pain/discomfort (100%), and anxiety/depression (87%), associated with severe impairments in quality of life (75.3%, QLIP). Reduction of pain intensity under tapentadol prolonged release during the 3-month observation period. Notes: *P,0.001 (descriptive, paired t-test). Data are mean ± standard deviation. Baseline visit n=122, end of observation n=112 (lowest), n=110 (average), and n=109 (highest) pain intensity. nRs-11 scale: from 0= no pain to 10= worst imaginable pain. Abbreviation: nRs-11, 11-point numerical rating scale.
Tapentadol PR treatment
The most common reasons for switching to tapentadol PR were insufficient analgesic efficacy (85.4%) and insufficient quality of life (58.5%). The majority of the patients (69.1%) started treatment with 2×50 mg tapentadol PR/day; 22.8% received 2×100 mg/day and 8.1% at least 2×150 mg/day. The mean daily dosage was 141.8±75.6 mg at start of treatment, 267.0±126.6 mg at treatment follow-up, and 286.7±139.8 mg at the end of the 3-month observation. Median treatment duration was 85 days. Two-thirds of the patients (69.9%) continued tapentadol treatment; the main reasons for treatment discontinuation were death because of underlying disease progression (9.8%), insufficient pain relief (7.3%), and side effects (2.4%).
At treatment initiation with tapentadol PR, 10.6% of the patients received strong opioids as additional long-term medication, 7.3% received weak opioids, and 64.2% nonopioids. At the end of observation, 13% were administered additional strong opioids, 2.4% weak opioids, and 47.2% nonopioids. Both at the start of treatment and at the end of observation, 29.3% of the patients reported taking additional analgesic medication as needed.
Pain reduction
Mean average pain intensity at baseline visit was 6.1±1.7 points; 84.6% of the patients had a pain score $5 (NRS-11). The mean individual treatment target was stipulated as an average pain intensity of 2.8±1.6. All three mean pain intensities were significantly reduced under tapentadol PR (Figure 1 ): −2.1 (95% confidence interval [CI] −2.6 to −1.7) for the lowest, −2.4 (95% CI −2.8 to −2.0) for the average, and −2.9 (95% CI −3.3 to −2.4) for the highest pain intensity (each P,0.001). Half of the patients (52%) achieved a pain score #3 at the end of observation, 41.5% achieved their individual treatment target, and 33.3% achieved .50% reduction in pain intensity compared to baseline (the results of the responder analysis are summarized in Table 2 ). Fewer patients had breakthrough pain (27.6% versus 35.8% at baseline), and the mean number of pain episodes decreased from 22.2±15.5 to 10.4±12.3 per week.
anxiety and depression
Information about the anxiety/depression status of the patients was obtained with two questionnaires: the EQ-5D-3L and the HADS. After 3-month tapentadol treatment, the proportion of patients experiencing pain-related anxiety or depression decreased from 87% at baseline to 62.6% (EQ-5D-3L). Compared to baseline (31.7%) only 8.1% were still extremely anxious or depressed. Analysis of the HADS questionnaire also showed a reduction in anxiety and depression (Table 3) . Patients were also asked about suicidal thoughts. Nine of 36 patients (25%) who answered this question reported thinking occasionally or frequently about suicide; at the end of observation, the proportion had decreased to 8.3% (five of 60, LOCF).
Pain-related impairments in daily life and assessment of quality of life to 30.4±20.4 points, and the proportion of patients severely affected (score .43) was reduced from 54.5% to 32.5%. The number of patients without impairments also increased in the dimensions of the EQ-5D-3L: from 26% to 43.1% for mobility, from 36.6% to 50.4% for self-care, from 0 to 10.6% for pain/discomfort, and from 7.3% to 27.6% for daily activities. The overall rating of the EQ-5D-3L showed a significant improvement of a mean 1.5 points (95% CI −1.9 to −1.1, P,0.001) compared to baseline (10.3±1.8), and the general health state of the patients improved significantly from 63.5±14.9 to 45.9±23.9 points (P,0.001).
Pain-related impairment of quality of life was also markedly reduced. The mean mPDI-7 (impairment of overall quality of life) improved from 7.0±2.3 at baseline to 4.2±2.9 ( Figure 2 ). Mean impairment of overall quality of life in particular showed the greatest improvement (representative for all individually determined mean impairments over the course of tapentadol treatment). The proportion of patients with severe impairments (score .7) decreased from 47.9% to 12.5%. Furthermore, evaluation with the QLIP inventory showed an improvement in the proportion of patients with abnormal scores (sum score #20) from 75.3% to 61%, and both physical and mental component scores of the SF-12 had increased at the end of observation (Table 3) . Mean overall habitual well-being (determined with the MFHW) improved from 1.1±0.8 to 1.7±1.4 points (Table 3) .
Overall, physicians and patients rated tapentadol treatment as similarly positive: the overall condition of the patients since the start of treatment was considered as "improved" to "very much improved" by both groups (physicians 81.3%, patients 80.7%; Figure 3 ). According to the physicians, in particular effectiveness of treatment (79.8%), quality of life (69.7%), overall treatment success (56%), overall tolerability of the treatment (55%), gastrointestinal tolerability (44%), and balance between efficacy and tolerability (38.5%) had improved in comparison to previous analgesic treatment (data available for 109 of the 123 patients). Furthermore, concomitant analgesic medication could be reduced in 38.5% of the patients. pain) were assessed as unlabeled for tapentadol PR. For these ADRs, alternative explanations (medical history, concomitant medication) were reported. The most frequent ADRs concerned the system-organ classes of gastrointestinal (eleven) and nervous system (nine) disorders. Most frequent were nausea and dizziness (four each) and vomiting and fatigue (two each). Overall, treatment with tapentadol PR was well tolerated.
Discussion
Half of the cancer patients mainly treated by palliative care specialists were at an advanced metastatic disease stage; a third were either entirely in need of care or -if not bedriddenat least dependent on some nursing or physician assistance. The vast majority had suffered for a long time from severe chronic pain that could not be sufficiently controlled despite long-term treatment with several, often strong analgesics (42% of the patients received WHO III medication). This was accompanied by partly marked impairments in daily life and social interactions, anxiety, depression, and a reduced quality of life. The 3-month treatment with tapentadol PR resulted in significant pain reductions. A total of 41.5% of the patients attained their individual treatment target, and more than half (52%) achieved a pain score #3 at the end of observation. Breakthrough pain was less frequent than at the start of treatment. Pain relief in this patient cohort was not quite as pronounced as in cancer patients treated in general or internal medicine practice (−2.4 versus −3.8 points). 17 A comparison between these two different study populations is however difficult, because there were no data regarding tumor staging and disease progression available for patients treated primarily by general practitioners or specialists for internal 
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Apart from pain control, improvements of pain-related restrictions in daily life and the preservation or restoration of personal independence and self-care are important treatment issues. Uninterrupted sleep, independent personal hygiene, participation in daily events, and social interaction improve the physical and emotional well-being and thus individual quality of life of the patients. In particular for patients with advanced cancer, preservation of quality of life is an important aspect of therapy. Pain-related burden increases with pain intensity; 3 an increase according to grade of chronification was additionally described for nonmalignant pain. 28 Treatment with tapentadol demonstrated good effectiveness and tolerability over the 3-month observation in this patient population suffering from severe chronic cancerrelated pain; the administration of concomitant analgesic medication decreased overall, cancer pain-related mental and physical burden was markedly reduced, and the general health state of the patients improved significantly despite the underlying illness. Anxiety disorders and depression were reduced, fewer patients thought about suicide, and the proportion of patients with severe impairments of quality of life decreased. The aspect "pain" obviously plays an important role in the overall well-being and quality of life of these patients, and might -if adequately treated -alleviate the suffering owing to the cancer. Adequate pain control accompanied by good tolerability allows the treating physician to focus consultation visits on the treatment of the underlying illness.
The majority of cancer patients suffered from mixed pain (74%). In the treatment of pain with a nociceptive and a neuropathic component, targeting both the µ-opioid receptor and the noradrenaline reuptake might be an advantage. In contrast to classical opioids that act only as MOR agonists, tapentadol combines both MOR and NRI mechanisms of action. Tapentadol has been proven effective in nociceptive and neuropathic pain conditions. 8 In the management of low-back pain, an often mixed-pain syndrome, tapentadol was effective in patients with and without a neuropathic pain component. 29 The substantial reductions in pain intensity and pain-related impairments shown in the present patient population indicate the suitability of tapentadol for the treatment of mixed cancer pain.
Compared to the observation of cancer patients in general and internal medicine practice, 17 dosages of tapentadol PR were higher in the present study; however, maximum permitted dosages (500 mg/day) were not used. The daily dose at the end of this 3-month observation was 287±140 mg compared to 223±111 mg in the former study. 17 Daily dosages in clinical studies on cancer pain treatment varied depending on the patient population, with a mean daily 190±114 mg for opioid-naïve patients, 12 as well as median 64.5 mg, 13 and median modal dosages of 300 mg for moderate or severe pain.
14 In the present study, overall fewer patients received weak opioids and nonopioids concomitant to tapentadol at the end of observation; the proportion of patients on strong opioids increased slightly. A possible reason was the relatively low level of experience of the participating physicians at the time of the switch to tapentadol in this study, since tapentadol had only received market authorization in 2010.
Physicians noted insufficient analgesia with previous opioids as the main reason for switching to tapentadol for the majority of the patients. They prescribed other strong or weak opioids or nonopioids as additional long-term analgesics to tapentadol therapy, if needed. The administration of concomitant analgesics had decreased overall at the end of observation, whereas pain severity and pain-related impairments had improved. This indicates the effectiveness of tapentadol as the main analgesic medication.
When evaluating these data, it should be taken into account that the study design was a noninterventional observation without a control group. The return rate of the pain questionnaire/pain diary was low; it should however be noted that we were able to document comprehensively the mental and physical situation of the patients because we used a variety of standardized instruments. Furthermore, our study design complements randomized clinical studies (with a predefined protocol and strict inclusion and exclusion criteria) and reflects routine clinical treatment practice for a broad spectrum of patients suffering from cancer-related pain.
Conclusion
Tapentadol PR is an effective and well-tolerated treatment option for severe chronic cancer-related pain. In addition to good pain reduction and good tolerability of the medication, pain-related mental and physical burden was reduced and quality of life improved. The overall health state of the cancer pain patients significantly improved despite the underlying illness; this might alleviate the suffering caused by the disease.
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